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The present invention is directed to a thermally curable polymer composition comprising a hydroxy l-containing 
polymer and a polyfunctional epoxide as a crosslinking agent. The thermally curable polymer composition may be 
dissolved in a solvent and used as an undercoat layer in deep UV lithography. In addition, the present invention also 
relates to a photolithographic coated substrate comprising: a substrate, the thermally cured undercoat composition 
on the substrate, and a radiation-sensitive resist topcoat on the thermally cured undercoat composition. Furthermore, 
the present invention further relates to a process for using the photolithographic coated substrate for the production 
of relief structures. 
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The present invention is directed to a thermally curable polymer composition comprising a hydroxyl- 
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topcoat on the thermally cured undercoat composition. Furthermore, the present invention further relates 
to a process for using the photolithographic coated substrate for the production of relief structures. 
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♦ NOTICES * 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thermosetting polymer constituent which consists of a heat acid generator by the hydroxyl 
content polymer, the polyfunctional epoxide cross linking agent, and the case. Said hydroxyl content 
polymer consists of at least one monomeric unit chosen from a cyclohexanol, hydroxystyrene, hydroxyalkyl 
acrylate or methacrylate, hydroxy cycloalkyl acrylate or methacrylate, hydroxy aryl acrylamide or 
methacrylamide, and the group that consists of allyl alcohol here, however said heat acid generator is subject 
[ to a phenol nature monomer existing, when / of said hydroxyl content polymer / it does not exist in % of 
the amount of about ten mols at least ]. 

[Claim 2] Polyfunctional epoxide is the following general structure. [Formula 1] 




n 



The constituent according to claim 1 which ****. For the inside A of structure, it is the polyfunctional 
radical which has the valence of at least 2, and n is the integer of at least 2, and R is hydrogen or a 
hydrocarbyl radical. 

[Claim 3] Said heat acid generator is the following general structure. [Formula 2] 

o 
II 

R7-O — s 




The constituent according to claim 1 which **♦*. It is the alkyl, the cycloalkyl, or the aromatic series radical 
which is not permuted or permuted, said substituent is a halogen, alkoxy ** aromatic series, nitroglycerine, 
or an amino group, and R8 thru/or R12 are chosen independently from CI thru/or C4 alkyl of hydrogen, a 
straight chain, or a branching chain, alkoxy ** amino, alkylamino, aryl, the alkenyl, a halogen, an acyloxy, 
cycloalkyl or annular cycloalkyl, aromatic series, or heterocycle by the inside R7 of structure. 
[Claim 4] Said polymer which said hydroxyl content polymer which consists of one monomeric unit of allyl 
alcohol carries out owner Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. of the polymer weight 
average molecular weight of about 2000 thru/or 10,000, and consists of a monomeric unit of a cyclohexanol, 
hydroxyalkyl acrylate or methacrylate, hydroxy cycloalkyl acrylate or methacrylate and hydroxy aryl 
acrylamide, or methacrylamide is a constituent according to claim 1 which has the nimiber average 
molecular weight of about 9,000 thru/or 38,000. 

[Claim 5] Furthermore, a constituent including the monomeric imit of the annular aliphatic series ester of an 
acrylic acid or methacrylic acid according to claim 1 . 

[Claim 6] Said hydroxyl content polymer is the following monomeric unit. [Formula 3] 
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since ~ the becoming constituent according to claim 1 . Rl and R2 are hydrogen or methyl independently 
here. 

[Claim 7] It is the constituent according to claim 6 whose mol %s of a monomelic unit (B) mol %s of a 
monomeric unit (A) are about 20 thru/or 40-mol %, and are about 60 thru/or 80-mol %, 
[Claim 8] Said hydroxyl content polymer is the following monomeric unit. [Formula 4] 




(A) (B) (C) 

since — the becoming constituent according to claim 1. Rl and R2 are hydrogen or methyl independently 
here. 

[Claim 9] It is the constituent according to claim 8 whose mol %s of a monomeric unit (C) mol %s of a 
monomeric unit (A) are about 10 thru/or 30-mol %, and mol %s of a monomeric unit (B) are about 30 
thru/or 40-mol %, and are about 30 thru/or 50-mol %. 

[Claim 10] Said hydroxyl content polymer is the following monomeric unit. [Formula 5] 




(C) (D) 
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since — the becoming constituent according to claim 1 . 

[Claim 1 1] It is the constituent according to claim 10 whose mol %s of a monomeric unit (D) mol % of a 
monomeric unit (C) is about 39 - 60-mol %, and are about 40 thru/or 61 -mol %. 
[Claim 12] Said hydroxyl content polymer is the following monomeric unit. [Formula 6] 




(B) (E) 

since - the becoming constituent according to claim 1. R2 and R13 are hydrogen or methyl independently 
here. 

[Claim 13] It is the constituent according to claim 12 whose mol % of a monomeric unit (E) mol % of a 
monomeric unit (B) is about 70 - 90-mol %, and is about 10 - 30-mol %. 

[Claim 14] (a) the heat-curing under coat on a substrate and the (b) substrate, and (c) ~ the optical 
Hthography susceptibility covering substrate which consists of radiosensitivity resist fmishing placed on said 
heat-curing under coat. Said heat-curing under coat consists of a heat-curing constituent which consists of a 
heat acid generator by the hydroxyl content polymer, the polyfunctional epoxide cross linking agent, and the 
case here, however said heat acid generator is subject [ to a phenol nature monomer existing, when / of said 
hydroxyl content polymer / it does not exist in %^of the amount of about ten mols at least ]. 
[Claim 15] A hydroxyl content polymer is a covering substrate according to claim 14 which consists of a 
monomeric unit chosen from a cyclohexanol, hydroxystyrene, hydroxyalkyl acrylate or methacrylate, 
hydroxy cycloalkyl acrylate or methacrylate, hydroxy aryl acrylamide or methacrylamide, and the group that 
consists of allyl alcohol. 

[Claim 16] Said hydroxyl content polymer is a covering substrate according to claim 15 which includes the 
monomeric unit of the annular aliphatic series ester of an acrylic acid or a methacrylic acid unit further. 
[Claim 17] Said heat acid generator is the following general structure. [Formula 7] 




The covering substrate according to claim 14 which **♦*. It is the alkyl, the cycloalkyl, or the aromatic 
series radical which is not permuted or permuted, said substituent is a halogen, alkoxy ** aromatic series, 
nitroglycerine, or an amino group, and R8 thru/or R12 are chosen independently from CI thru/or C4 alkyl of 
hydrogen, a straight chain, or a branching chain, alkoxy ** amino, alkylamino, aryl, the alkenyl, a halogen, 
an acyloxy, cycloalkyl or annular cycloalkyl, aromatic series, or heterocycle by the inside R7 of structure. 
[Claim 18] Polyfunctional epoxide is the following general structure. [Formula 8] 
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The covering substrate according to claim 14 which For the inside A of structure, it is the 
polyfiinctional radical which has the valence of at least 2, and n is the integer of at least 2, and R is hydrogen 
or a hydrocarbyl radical. 

[Claim 19] Said hydroxyl content polymer is the following monomeric unit. [Formula 9] 




since ~ the becoming covering substrate according to claim 14. Rl and R2 are hydrogen or methyl 
independently here. 

[Claim 20] It is the covering substrate according to claim 19 whose mol %s of a monomeric imit (B) mol %s 
of a monomeric unit (A) are about 20 thru/or 40-mol %, and are about 60 thru/or 80-mol %. 
[Claim 21] Said hydroxyl content polymer is the following monomeric unit, [Formula 10] 




(A) (B) (C) 

since — the becoming covering substrate according to claim 14. Rl and R2 are hydrogen or methyl 
independently here. 

[Claim 22] It is the covering substrate according to claim 21 whose mol %s of a monomeric unit (C) mol %s 
of a monomeric imit (A) are about 10 thru/or 30-mol %, and mol %s of a monomeric unit (B) are about 30 
thru/or 40-mol %, and are about 30 thru/or 50-mol %. 

[Claim 23] Said hydroxyl content polymer is the following monomeric unit. [Formula 11] 
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OH 



(C) 



(D) 



since ~ the becoming covering substrate according to claim 14. 

[Claim 24] It is the covering substrate according to claim 23 whose mol %s of a monomeric unit (D) mol % 
of a monomeric unit (C) is about 39 - 60-mol %, and are about 40 thru/or 61 -mol %. 
[Claim 25] Said hydroxyl content polymer is the following monomeric unit. [Formula 12] 

R2 ?^I3 





(B) 



(E) 



since ~ the becoming covering substrate according to claim 14. R2 and R13 are hydrogen or methyl 
independently here. 

[Claim 26] It is the covering substrate according to claim 25 whose mol % of a monomeric xmit (E) mol % 
of a monomeric unit (B) is about 10 - 30-mol %, and is about 70 - 90-mol %. 

[Claim 27] Said radiosensitivity resist finishing is a covering substrate according to claim 14 which is a 
chemistry magnification mold resist containing silicon. 

[Claim 28] Said radiosensitivity finishing is the following monomeric unit. [Formula 13] 



. R4 R5 

-(-CH2-C— ^ -(-CH2— C— ^ -(-CH2— C— ) 



c=o 

/ 

o 



R3 




(CH3)3Si 



c=o 
/ 

o 
I 

(CH2)3 

o 
I 

Si(CH3)3 



Si(CH3)3 



since — the covering substrate containing the becoming polymer according to claim 27. R3 is methyl or 
hydroxyethyl here, and R4 is hydrogen, methyl, or CH2C02CH3, and R5 and R6 are hydrogen or methyl, 
and each selection is made independently in this case. 

[Claim 29] It is the covering substrate according to claim 15 chosen from the group which said heat acid 
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generator becomes from cyclohexyl p-toluene sulfonate, menthyl p-toluene sulfonate and cyclohexyl 2 and 
4, and 6-triisopropyl benzene sulfonate by choosing said polyfimctional epoxide cross linking agent from 1, 
4-cyclohexane dimethanol diglycidyl ether, dicyclopentadiene diepoxide, and the group that consists of 
bisphenol A diglycidyl ether. 

[Claim 30] (a) ; which prepares a covering substrate ~; on condition of said covering substrate consisting of 
radiosensitivity resist finishing on the heat-curing under coat on a substrate and a substrate, and said heat- 
curing under coat here, and said heat-curing under coat consisting of a heat-curing constituent which 
consists of a heat acid generator by the hydroxyl content polymer, the polyfimctional epoxide cross linking 
agent, and the case, however a phenol nature monomer existing, as for said heat acid generator, when [ of 
said hydroxyl content polymer ] it does not exist in % of the amount of about ten mols at least 
(b) ; which carries out image formation exposure of the radiosensitivity resist finishing at chemical rays — 
and - (c) The manufacture approach of the relief structure which consists of a phase which develops 
radiosensitivity resist finishing with a developer and forms a resist image. 

[Claim 31] Said hydroxyl content polymer is the approach according to claim 30 of consisting of a 
monomeric unit chosen from a cyclohexanol, hydroxystyrene, hydroxyalkyl acrylate or methacrylate, 
hydroxy cycloalkyl acrylate or methacrylate, hydroxy aryl acrylamide or methacrylamide, and the group that 
consists of allyl alcohol. 

[Claim 32] Said hydroxyl content polymer is the approach according to claim 31 of including the 
monomeric unit of the annular aliphatic series ester of an acrylic acid or a methacrylic-acid unit further. 
[Claim 33] Polyfimctional epoxide is the following general structure. [Formula 14] 



The method according to claim 30 of ****(ing). For the inside A of structure, it is the polyfianctional radical 
which has the valence of at least 2, and n is the integer of at least 2, and R is hydrogen or a hydrocarbyl 
radical. 

[Claim 34] Said heat acid generator is the following general structure. [Formula 15] 



The method according to claim 30 of ****(ing). It is the alkyl, the cycloalkyl, or the aromatic series radical 
which is not permuted or permuted, said substituent is a halogen, alkoxy ** aromatic series, nitroglycerine, 
or an amino group, and R8 thru/or R12 are chosen independently from CI thru/or C4 alkyl of hydrogen, a 
straight chain, or a branching chain, alkoxy ** amino, alkylamino, aryl, the alkenyl, a halogen, an acyloxy, 
cycloalkyl or annular cycloalkyl, aromatic series, or heterocycle by the inside R7 of structure. 
[Claim 35] Said hydroxyl content polymer is the approach according to claim 30 of consisting of about 20 
thru/or 40-mol 2-hydroxyethyl acrylate [ % of ] or methacrylate monomeric unit and 60 thru/or 80-mol % of 
isobomyl acrylate or, and a methacrylate monomeric unit. 

[Claim 36] Said hydroxyl content polymer is the approach according to claim 30 of consisting of about 10 
thru/or 30-mol % of 2-hydroxyethyl acrylate or a methacrylate monomeric vmit, about 30 or 40-mol % of 
isobomyl acrylate or a methacrylate monomeric unit and, about 30 thru/or a 50-mol % styrene monomer 
unit. 

[Claim 37] Said hydroxyl content polymer is the approach according to claim 30 of consisting of about 39 
thru/or % of a 60-mol styrene monomer imit and about 40 thru/or a 61-mol % allyl alcohol monomeric unit. 
[Claim 38] Said hydroxyl content polymer is the approach according to claim 30 of consisting of p- 
hydroxyphenyl acrylamide or methacrylamide monomeric imit and 70 thru/or 90-mol % of isobomyl 
acrylate or, and a methacrylate monomeric imit (about 10 thru/or 30-mol %). 

[Claim 39] It is the approach according to claim 3 1 chosen from the group which said heat acid generator 
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becomes from cyclohexyl p-toluene sulfonate, menthyl p-toluene sulfonate and cyclohexyl 2 and 4, and 6 
triisopropyl benzene sulfonate by choosing said polyfunctional epoxide cross linking agent from 1 , 4- 
cyclohexane dimethanol diglycidyl ether, dicyclopentadiene diepoxide, and the group that consists of 
bisphenol A diglycidyl ether. 

[Claim 40] Said radiosensitivity resist finishing is the following monomeric unit. [Formula 16] 



since - the approach containing the becoming polymer according to claim 30. R3 is methyl or hydroxyethyl 
here, and R4 is hydrogen, methyl, or CH2C02CH3, and R5 and R6 are hydrogen or methyl, and each 
selection is made independently in this case. 

[Claim 41] Furthermore, an approach including the phase which forms the image except for a heat-curing 
under coat constituent according to claim 40. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPZ are not responsible for any 
damages caused by tbe use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2,**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

the deep ultra-violet (deep UV) lithography with which this invention is used in semi-conductor 
manufacture - and when specified more, it is related with the under coat for a chemistry magnification mold 
bilayer resist system. 
[0002] 

[Background of the Invention] 

It depends for integrated-circuit manufacture on use of the procedure of the optical lithography for deciding 
an active ingredient child and link structure to a microelectronic device. It has been used for application of 
g-Rhine (436nm) and I-Rhine (365nm) of light of a great portion of micro lithography until it continues till 
recently. However, in order to attain resolving of a smaller dimension, the wavelength of the light used for 
the micro lithography in semi-conductor manufacture was shortened by deep ultra-violet range (256nm and 
193nm). The resists which use the problem relevant to use of deep ultra-violet wavelength on higher 
wavelength were absorptivity and an insensible thing too much. Therefore, in order to use deep ultra-violet 
light wave length, the new resist ingredient which has the low sensibility which improved [ which improved 
and optics-absorbed ] was required. 
[0003] 

In order to meet the above-mentioned criteria, the chemistry magnification mold resist ingredient was 
developed by the acid through use of an unstable polymer recently. It turned out in that resolution is 
increased that they are greatly promising. However, a chemistry magnification mold resist system has many 
faults. One problem is the stationary wave effectiveness, monochrome deep ultra-violet light is reflected on 
the fi-ont face of a reflexibility substrate between exposure, and this is produced. Formation of the stationary 
wave in a resist reduces resolution, and causes fluctuation of line breadth. For example, the stationary wave 
in a positive resist produces skirt length in the interface of a resist/substrate, and has the inclination to 
reduce the resolution of a resist. [0004] 

Out of it, the profile and resolution of a chemistry magnification mold resist may change with substrate 
POIZONINGU (poisoning). Especially this operation takes place, when a substrate has a nitride layer. It is 
believed that N-H coupling in a nitride coat deactivates an acid in the interface of a nitride/resist, the case of 
a positive resist — this result — an insoluble part ~ being generated ~ and a resist — Society for Cutting Up 
Men — or skirt length is produced in the interface of a resist/substrate. 
[0005] 

In order to print the description smaller than 0. 1 8 micrometers fi"om a RISOGURAFU aspect ratio 
moreover, it is required for a chemistry magnification mold resist layer to be thin, for example, for it to be 
about 0.5 micrometers. This needs to have the plasma-etching resistance which was excellent so that a resist 
could next imprint the description of a resist image to a lower layer substrate. However, in order to reduce 
absorption of a chemistry magnification mold resist, it which is contained in an aromatic series radical, for 
example, a novolak, must be removed, and this reduces etching resistance next. 
[0006] 

An above-mentioned problem is mitigable using the lower layer or under coat coat set to the fi*ont substrate 
which gives a chemistry magnification mold coat. An under coat absorbs a great portion of deep ultra-violet 
light, and mitigates the stationary wave effectiveness. Furthermore, an under coat prevents deactivation of 
an acid catalyst in the interface of a resist/substrate. Moreover, an under coat can include the aromatic series 
radical which brings about etching resistance. 
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[0007] . 

An under coat is applied to a substrate in the typical bilayer resist method. Subsequently, a chemistry 
magnification mold resist is applied on an under coat, negatives are exposed and developed in deep ultra- 
violet light, and an image is formed to chemistry magnification mold resist finishing. Subsequently, an 
under coat is etched in the part fi*om which the bilayer resist system was put on the oxygen plasma-etching 
environment, and the chemistry magnification mold resist was removed by development. Can be typically 
equal to oxygen plasma etching of the chemistry magnification mold resist of a bilayer system, including 
[ therefore ] silicon **. After a bottom layer is etched, a resist system is applicable to subsequent processing 
like non-oxygen plasma-etching chemistry in which the substrate which is downward is removed. 
[0008] 

Another problem is raised, although an under coat decreases a stationary wave and substrate POIZONINGU 
is mitigated. In the first place, depending on an under coat, it is fiisibility at the solvent component of a 
chemistry magnification mold resist. It will have resolving of the upper resist layer, and effect harmfiil to 
susceptibility, if mixing takes place between finishing and an under coat. 
[0009] 

Furthermore, if a big difference is in a refi-active index between a chemistry magnification mold resist and 
an under coat, light will become the cause of it being reflected by the under coat and giving the stationary 
wave effectiveness to a resist. Therefore, in order that a refiractive index may make effect of reflective min 
between bilayers, it must balance. [0010] 

Another problem about an under coat is absorptivity often too much by mixing of an aromatic series radical. 
In order to expose a certain deep ultra-violet aligner for semi-conductor manufacture to a resist, it uses the 
light of the wavelength same [ for / both / adjusting a location for an exposure mask to the layer under a 
resist ]. The reflected light required for adjustment of a location can be weakened too much as an under coat 
is absorptivity too much, and it becomes less practical. However, if an under coat is not fiiUy absorptivity, a 
stationary wave may arise. A combination person has to ponder these opposite themes. 
[0011] 

Furthermore, depending on an under coat, very inadequate plasma-etching resistance is shown to a plasma 
chemistry operation. Commercially, etching resistance of an imder coat must be equal to the etch rate of 
novolak resin, in order to be usable. 
[0012] 

Moreover, in a certain under coat, in order to make a bridging form before being able to apply 
radiosensitivity resist finishing coat, ultraviolet exposure is needed. The trouble relevant to an ultraviolet 
radiation bridge formation imder coat is needing the long exposure time, in order for them to make sufficient 
bridging form. The long exposure time serves as serious constraint to throughput, and is added to the costs 
of integrated-circuit manufacture. The bridging of the part with an under coat may be carried out to excess 
fi-om other parts of an under coat, without [ therefore ] ultraviolet radiation equipment giving exposure 
uniform again. Furthermore, the ultraviolet radiation bridge formation aligner is very expensive, and is not 
contained in most resist coaters fi*om costs and constraint regarding the place. 
[0013] 

The bridging of a certain kind of under coat is carried out by heating. However, the trouble about these 
under coats is needing high curing temperature and the long setting time, by the time their can apply 
finishing coat. In order to be commercially useful, an under coat must be able to be hardened by temperature 
lower than 250 degrees C and time amount shorter than 1 80 seconds. After hardening, an under coat must 
possess a high glass transition temperature so that it may be equal to subsequent high temperature 
processing. 
[0014] 

Therefore, it is the purpose of this invention to offer a thermosetting polymer constituent useful as ein under 
coat in deep ultra-violet optical lithography. Another purpose of this invention is offering the under coat 
hardened by temperature lower than about 250 degrees C and time amount shorter than about 3 minutes. To 
the solvent system of a finishing resist, still more nearly another purpose of this invention is insoluble, 
makes a reflection effect min, and is offering the under coat which has the etch rate which is equal to 
novolak resin. 

It is others of this invention and still more nearly another purpose, the advantage, and the description will 

become clear by the following description. 

[0015] 

[Abstract] 
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This invention relates to the thermosetting polymer constituent which consists of a heat acid generator by 
the hydroxyl content polymer, the polyfiinctional epoxide cross linking agent, and the case. This 
thermosetting polymer constituent can be dissolved in a solvent, and can be used as an under coat in deep 
ultra-violet lithography. 
[0016] 

Furthermore, this invention relates to the optical lithography susceptibility covering substrate which consists 
of radiosensitivity resist finishing on the heat-curing under coat constituent on a substrate and a substrate, 
and said heat-curing under coat constituent again. Furthermore, this invention relates to the approach of 
using an optical lithography susceptibility covering substrate for manufacture of the relief structure. 
[0017] 

[Explanation of a desirable embodiment] 

This invention relates to the thermosetting polymer constituent used in order to make the under coat in deep 
ultra-violet lithography. A thermosetting polymer constituent consists of a heat acid generator by the 
hydroxyl content polymer, the polyfunctional epoxide cross linking agent, and the case, the mole ratio to the 
hydroxyl of the polymer of polyfunctional epoxide — about 1 :3 thru/or 3:1 — it is about 1 :2 thru/or 2:1 
preferably. If a constituent is heated, epoxide will construct a bridge in a polymer chain and, as a result, will 
produce a heat-curing polymer base material. 
[0018] 

The polyfunctional epoxy cross linking agent used for this invention is the following general formula. 
[Formula 17] 




n 



For the inside A of a formula, ****(ing), it is the polyfunctional radical of the valence of at least 2, and n is 
the integer of at least 2, and R is a hydrocarbyl radical. A is aliphatic series or aromatic series. The epoxy 
bridge agent of an aliphatic series mold PORIHIDOROKISHI, the poly thio, and the glycidyl ether of the 
poly carboxy aliphatic compound. Especially the poly glycidyl ether of polyalcohol is included. For 
example, butanediol diglycidyl ether, Hexanediol diglycidyl ether, PARASHIKURO hexyl dimethanol 
diglycidyl ether. The diglycidyl ether of the end diol containing neopentyl glycol diglycidyl ether. It is 
tetraglycidyl ether of the tetrol containing the triglycidyl ether and pentaerythritol tetraglycidyl ether of the 
triol containing trimethylolpropane triglycidyl ether and glycerol triglycidyl ether etc. Olefin compound by 
which epoxidation was carried out, for example, epoxidized soybean oil, epoxidation linseed oil, 
epoxidation cycloolefin and annular diene, and annular aliphatic series epoxide, for example, 
vinylcyclohexene dioxide, a bis(3, 4-epoxy-6-methylcyclohexyl methyl) horse mackerel peat, etc. can also 
be mentioned. 
[0019] 

As an epoxy cross linking agent of a desirable aromatic series mold, per [ 2 / about ] molecule thru/or four 
hydroxy ** thios, carboxy or the glycidyl ether of the aromatic compound which has the mixture of such a 
radical, a thioether, and ester can be mentioned, for example, they are the diglycidyl ether of bisphenol A, 
the diglycidyl ether of Bisphenol F, the diglycidyl ether of resorcinol, the poly glycidyl ether of a phenol 
novolak, the poly glycidyl ether of a cresol novolak, diglycidyl ether of a phthalic acid, etc. The above- 
mentioned aromatic series poly glycidyl ether and the poly glycidyl ether of the polyalkylene oxide of ester 
are also suitable. 
[0020] 

an epoxy cross linking agent — desirable — about 90 thru/or 6000 — more ~ desirable — about 180 thru/or 

about 800 — and [ especially ] it has the epoxide equivalent weight of about 180 thru/or 300. 

1, 4-cyclohexane dimethanol diglycidyl ether, dicyclopentadiene diepoxide, and the diepoxide cross linking 

agent of the group which consists of bisphenol A diglycidyl ether are desirable. 

[0021] 

A thermosetting polymer constituent also contains a hydroxyl content polymer. The polymer which consists 
of a monomeric unit of the suitable hydroxyl content pol5mier of arbitration, for example, a cyclohexanol, 
hydroxystyrene, hydroxyalkyl acrylate or methacrylate, hydroxy cycloalkyl acrylate or methacrylate, 
hydroxy aryl acrylamide or methacrylamide, allyl alcohol, etc. can be used. This invention includes the 
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copolymer of the polymer specified in the top, a trimer, etc. Furthermore, the polymer containing a novolak 

can also be used. 

[0022] 

the polymer which consists of a monomeric unit of a cyclohexanol, hydroxystyrene, hydroxyalkyl acrylate 
or methacrylate, hydroxy cycloalkyl acrylate or methacrylate and hydroxy aryl acrylamide, or 
methacrylamide preferably - about 9000 thru/or 38,000 - more - desirable - 14,000 thru/or 30,000 - and 
it has the number average molecular weight of about 1 8,000 thru/or 22,000 fixrther much more preferably. 
[0023] 

Moreover, a thermosetting polymer constituent may include further the monomeric xmit of the annular 
aliphatic series ester of an acrylic acid or a methacrylic acid. The example of the monomeric unit of the 
annular aliphatic series ester of a suitable acrylic acid or a methacrylic acid is cyclohexyl acrylate or 
methacrylate, 4-tert-butyl cyclohexyl acrylate or methacrylate and isobomyl acrylate, or methacrylate. The 
monomeric vmit of the annular aliphatic series ester of a desirable acrylic acid or a methacrylic acid is 
isobomyl acrylate or methacrylate. Moreover, styrene has also been preferably included [ the aromatic series 
monomeric unit and ] further by the hydroxyl content polymer. 
[0024] 

The example of suitable hydroxyalkyl acrylate or methacrylate is hydroxymethyl acrylate or methacrylate, 

2- hydroxyethyl acrylate or methacrylate, 3-hydroxypropyl acrylate or methacrylate, 4-hydroxy butyl 
acrylate or methacrylate, 5-hydroxy pentyl acrylate or methacrylate and 6-hydroxy hexyl acrylate, or 
methacrylate. Preferably, although hydroxyalkyl acrylate or methacrylate contains first-class hydroxyl, the 
mixture of a secondary-alcohol radical or the first class, and a secondary-alcohol radical can also be used. 
The suitable example of secondary alcohol is 2-hydroxy-2-methylethyl acrylate or methacrylate, 3-hydroxy- 

3- methylpropyl acrylate, 4-hydroxy-4-methylbutyl acrylate or methacrylate, 5-hydroxy-5-methyl pentyl 
acrylate, or methacrylate. The example of desirable hydroxyalkyl acrylate or methacrylate is 2-hydroxyethyl 
acrylate or methacrylate. 

[0025] 

A thermosetting polymer constituent may contain a heat acid generator by the csise. Generally, the heat acid 
generator is required when an acid monomeric unit, for example, a phenol nature monomeric unit, does not 
exist in a hydroxyl content polymer. When a hydroxyl content polymer does not include sufficient acid 
monomeric unit, a thermosetting polymer constituent is not hardened by temperature lower than about 250 
degrees C and time amount shorter than about 3 minutes. Generally, when [ of a hydroxyl content polymer ] 
it exists in % of the amount of about ten mols at least, a heat acid generator does not have [ a phenol nature 
monomeric unit ] the need. However, probably, a heat acid generator will be required when there are few 
amounts of a phenol nature monomer than about ten-mol %. 
[0026] 

Preferably, a heat acid generator is the following general formula. [Formula 18] 

^ "^^ '"^ 

R7-O— S (v /)— Rio 




It ***♦, and it is the alkyl, the cycloalkyl, or the aromatic series radical which is not permuted or permuted, 
said substituent is a halogen, alkoxy ** aromatic series, nitroglycerine, or an amino group, and R8 thru/or 
R12 are chosen independently fi-om CI thru/or C4 alkyl of hydrogen, a straight chain, or a branching chain, 
alkoxy ** amino, alkylamino, aryl, the alkenyl, a halogen, an acyloxy, cycloalkyl or annular cycloalkyl, 
aromatic series, or heterocycle by the inside R7 of a formula. More desirable heat acid generators are 
cyclohexyl p-toluene sulfonate, menthyl p-toluene sulfonate and cyclohexyl 2 and 4, and 6-triisopropyl 
benzene sulfonate, the amoimt of the heat acid generator in a thermosetting constituent ~ about 1 thru/or 20 
% of the weight ~ desirable — about 2 thru/or 15 % of the weight — and they are about 4 thru/or 10 % of the 
weight more preferably. 
[0027] 

A considerable bridging must not start until the thermosetting polymer constituent of this invention reaches 
the temperature of about 50 degrees C. The bridging of considerable extent may cause gel formation at a 
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room temperature by low temperature from 50 degrees C, and this shortens the storage Hfe. Gel formation 
produces as a result covering which is not viniform, and fluctuation of line breadth with the whole substrate, 
when using a thermosetting polymer constituent as an under coat in micro lithography. 
[0028] 

The more desirable polymer of this invention is the following monomeric unit. [Formula 19] 
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It consists of a polymer which **** and Rl, R2, and R13 are chosen independently from hydrogen or 

methyl among each upper formula here. 

[0029] 
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A polymer 1 consists of about 60 thru/or 80-mol % of isobomyl acrylate or a methacrylate monomeric unit 

and about 20 thru/or 40-mol % of 2-hydroxyethyl acrylate, or a methacrylate monomeric unit. 

A polymer 2 consists of about 30 thru/or 40-mol % of isobomyl acrylate or a methacrylate monomeric vmit, 

about 10 or 30-mol % of 2-hydroxyethyl acrylate or a methacrylate monomeric unit and, about 30 thru/or a 

50-mol % styrene monomer unit. 

[0030] 

A polymer 3 consists of about 39 thru/or % of a 60-mol styrene monomer unit and about 40 thru/or a 61-mol 
% allyl alcohol monomeric unit. It can come to hand commercially from Scientific Polymer Products, Inc., 
Ontario, and NY. 

A polymer 4 consists of p-hydroxyphenyl acrylamide or a methacrylamide monomeric unit (about 70 thru/or 
90-mol % of isobomyl acrylate or a methacrylate monomeric unit and about 10 thru/or 30-mol %). 
[0031] 

The polymerization of an above-mentioned polymer can be achieved, suitable polymerization method, for 
example, radical polymerization, of arbitration, the number average molecular weight of polymers 1, 2, and 
4 ~ about 9,000 thru/or 38,000 - desirable ~ about 14,000 thru/or 20,000 - and it is about 18,000 thru/or 
22,000 more preferably, the weight average molecular weight of a polymer 3 - about 2000 thru/or 20,000 - 
desirable - about 2,000 thru/or 10,000 - and it is about 2000 thru/or 5000 more preferably. 
[0032] 

This invention relates also to the optical lithography covering substrate which consists of radiosensitivity 
resist finishing on the heat-curing under coat constituent on a substrate and a substrate, and a heat-curing 
under coat constituent. A heat-ctiring imder coat constituent consists of a thermosetting polymer constituent 
which consisted of a heat acid generator, and was heated by the hydroxyl content polymer, the 
polyfunctional epoxide cross linking agent, and the case, and formed the bridge formation base material by 
them. AH of an above-mentioned polymer can be used as a hydroxyl content polymer. Preferably, a 
hydroxyl content polymer is chosen from polymers 1 , 2, and 3 or 4. 
[0033] 

About the approach this invention uses an optical lithography covering substrate further for manufacture of 
the relief structure, this approach prepares an optical lithography covering substrate, carries out image 
formation exposure of the radiosensitivity resist finishing at chemical rays, and consists of a phase which 
forms a resist image by developing radiosensitivity resist finishing with a developer and making a part for 
opening form in radiosensitivity resist finishing. Furthermore, it can remove in a part for opening of 
radiosensitivity resist finishing which developed the heat-curing under coat constituent, the suitable 
approach, for example, oxygen plasma etching, of arbitration, and an image can be formed to a heat-curing 
under coat constituent. 
[0034] 

One advantage of a thermosetting polymer constituent is that it hardens by temperature lower than about 250 
degrees C and time amount shorter than about 180 seconds. This is especially taken as the usefiil thing as an 
under coat of a resist system important for temperature and practical use possibility with commercial 
constraint of time amount. 
[0035] 

Both an under coat and a radiosensitivity constituent are applied to a substrate by the known method of 
application at homogeneity. A constituent can be solubilized to an organic solvent and a coating can be 
applied by spin-coating, immersion coating, knife spreading, laminating coating, brushing, spray coating, 
and reverse roll spreading, the range of the thickness of covering ~ general — a radiosensitivity resist — 
about 0. 1 thru/or 1 0 micrometers or more — and about 0, 1 thru/or a 1 .5um list are more preferably attained 
to about an under coat at about 0.3 thru/or 3.0um(s). Generally a solvent is removed by hardening or 
desiccation after spreading. 
[0036] 

The suitable solvent for both an under coat and a finishing radiosensitivity constituent A ketone. The ether 
and ester, for example, a methyl ethyl ketone, methyl isobutyl ketone, 2-heptanone, cyclopentanone, a 
cyclohexanone, 2-methoxy-l -propylene acetate, 2-methoxyethanol, 2-ethoxyethanol, 2-ethoxyethyl acetate, 
l-methoxy-2-propyl acetate, 1, 2-dimethoxyethane ethyl acetate, A cellosolve acetate, propylene glycol 
monoethyl ether acetate, Propylene-glycol-monomethyl-ether acetate, methyl lactate, Ethyl lactate, methyl 
pyruvate, pyruvic-acid ethyl, 3-methoxy methyl propionate, 3-methoxy ethyl propionate, a N-methyl-2- 
pyrrolidone, 1,4-dioxane, Ethylene glycol mono-isopropyl ether, diethylene glycol monoethyl ether, the 
diethylene-glycol monomethyl ether, diethylene-glycol wood ether, etc. are included. 
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[0037]. 

Radiosensitivity resist finishing of this invention is good at the suitable radiosensitivity resist of arbitration. 
Typically, it is the chemistry magnification mold resist of susceptibility, for example, U.S. Pat. No. 
5,492,793 and No. 5,747,622 are referred to at the radiation in deep ultra-violet range. Preferably, in the case 
of a bilayer resist system, a radiosensitivity resist contains silicon in order to protect it fi-om oxygen plasma 
etching. Desirable radiosensitivity resist finishing is the following monomeric unit. [Formula 20] 

-(-CH2-C^^— )- -(-CH2-C— ^CH2— C— )- 

c=o c=o c=o 

o o o 



(CH3)3Si- o °^Si(CH3)3 

I 

Si(CH3)3 

since - it consists of a becoming polymer, and R3 is methyl or hydroxyethyl here, and R4 is hydrogen, 
methyl, or CH2C02CH3, and R5 and R6 are hydrogen or methyl, and each selection is made independently 
in this case. 
[0038] 

A radiosensitivity resist may contain a photo-oxide generating nature (PAG) compound. A PAG compound 
is good with the suitable class, for example, the sulfonium, or the iodonium salt of arbitration, nitrobenzyl 
ester, imide sulfonate ester, etc. PAG is made to exist in about 1 thru/or 10% of amount based on the weight 
of a polymer typically. 
[0039] 

At manufacture of the relief structure, image formation exposure of the radiosensitivity resist is carried out 
at chemical rays. Vocabulary "image formation" exposure includes exposure by the X-ray or ultraviolet rays 
which lets the exposure which lets the photo mask containing the pattem decided beforehand pass, exposure 
by the computer control laser beam which moves in the fi-ont face of a covering substrate, and the mask by 
the computer control electron beam which exposes and corresponds pass, image formation exposure ~ the 
exposure field of a resist — an acid — generating — this — an acid — an unstable radical is divided and a 
water-soluble polymer is produced. Usually, a chemistry magnification mold resist is applied to an exposure 
postheat treatment after image formation exposure, and this completes substantially the reaction of a photo- 
oxide generating agent and an acid unstable radical. 
[0040] 

After image formation exposure and heat treatment of the arbitration of an ingredient, it usually dissolves in 
a developer water solution, and the exposure part of the upper radiosensitivity resist is removed. It depends 
for selection of a specific developer on the property of the class of photoresist especially polymer resin, or 
the photolysis product to generate. A developer can consist of water solutions of the base which can add 
organic solvents or those mixture. Especially a desirable developer is an aquosity alkaline solution, these — 
for example, the silicate of alkali metal, phosphate, a hydroxide, and the water solution of a carbonate — 
however — especially — tetra-alkylammonium hydroxide — and the water solution of tetramethylanunonium 
hydroxide (TMAH) is included especially preferably. If you wish, comparatively little wetting agent and/or 
organic solvent can also be added in these solutions. 
[0041] 

The radiosensitivity resist used for an above-mentioned bilayer method contains the silicon typically mixed 
in the after [ development ] resist, including silicon. After an image is formed into a radiosensitivity resist, a 
substrate is put on the plasma-etching environment which consists of oxygen in order to remove lower layer 
covering. If the silicon mixed in the radiosensitivity resist is applied to the oxygen plasma, it can form a 
silicon dioxide, and can protect it fi-om etching, and, thereby, can form the relief structure to an under coat. 
[0042] 

Behind an oxygen plasma phase, generally the substrate which supports bilayer relief structure is covered 
over another down stream processing at least, and the substrate of the part which is not covered by bilayer 
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covering receives change. Typically, this can be etching of the self-possessed or the substrate of other matter 
in impregnation of a dopant, and a substrate. Generally removal of resist covering from a substrate is usually 
performed by the fluorine / oxygen plasma etching following this. 
[0043] 

Although this invention refers to an example and explains it much more in detail below, this example is not 

for limitation and aims at illustration. 

[0044] 

The synthetic approach of example 1 polymer 1 2 and 2*-a2obis (24.0g isobomyl methacrylate, 6.0g p- 
hydroxyphenyl methacrylamide, a 30ml tetrahydrofuran (THF), and 0.45g) (2-methyl butyronitrile) was 
added to the magnetic rabble, the funnel for addition, the capacitor, and 100ml 3 neck roimd bottom flask 
equipped with the nitrogen installation-exhaust port. Mixture was heated at 65 degrees C, and it agitated for 
18 hours. The solution was settled by addition of a 11. hexane, and precipitate was filtered. The sohd-state 
was dried under the stream aspirator vacuum for 1 hour, and then it dissolved in 80ml THF, and was made 
to reprecipitate in a 11. hexane. Precipitate was filtered and the solid-state was dried by 4mb for 24 hours. 
The yield of a polymer was 77-80%. Molecular weight and molecular weight distribution were measured 
using the liquid chromatograph of Waters Corp. Nvimber average molecular weight was 21,933, and 
polydispersed degree (Mw/Mn) was 3.30. It was 60% of weight loss at the place which measured pyrolysis 
measurement (TGA) using the thermogravimetric analysis equipment of PerkinElmer, and 250-380 degrees 
C. The structure of a polymer and a presentation were analyzed using the Bruker 250 MHz NMR-spectral- 
analysis meter. Mol % of 82.7% and p-hydroxyphenyl methacrylamide of mol % of isobomyl methacrylate 
was 17.3%. 
[0045] 

Example 2 combination example 1 [ Polymers / 1 and 1.04g ] which manufactured 11% of thermosetting 
polymer constituent on 9.96g, and 4-cyclohexane dimethanol diglycidyl ether were dissolved and blended 
with 89g propylene glycol methyl ether acetate (PGMEA) by weight. Mixture was shaken overnight and the 
under coat solution was filtered twice through the 0.1 -micron filter. 
[0046] 

Example 3 combination example The Polymers [ 1 and 1 .42g ] dicyclopentadiene diepoxide which 
manufactured 1 1% of thermosetting polymer constituent on 9.96g by weight was doubled in 89g PGMEA, 
and it dissolved and blended. Mixture was shaken overnight and the under coat solution was filtered twice 
through the 0.1 -micron filter. 
[0047] 

Example 4-13 combination example The lower table 1 shows combination to Scientific Polymer Products, 
the epoxide cross linking agent of the polymer 3 (styrene 60 mol % and allyl alcohol 40 mol %) which came 
to hand from Inc., and a heat acid generator (cyclohexyl p-toluene sulfonate). The combination approach is 
the same as examples 2 and 3. 
[0048] 
[Table 1] 
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[0049] 

Manufacture of an example 14 bilayer resist Spin coat Perilla fintescens (L.) Britton var. crispa (Thunb.) 
Decne. of the silicon wafer was carried out with the under coat solution of an example 2, it calcinated for 3 
minutes at 250 degrees C, and the coat with a thickness of 0.50 microns was obtained. Spin coat Perilla 
frutescens (L.) Britton var. crispa (Thunb.) Decne. of the radiosensitivity resist finishing was carried out on 
the under coat, it calcinated for 1 minute at 100 degrees C, and the coat with a thickness of 0.25 microns was 
obtained. Radiosensitivity resist finishing was a chemistry magnification mold resist system which consists 
of the trimer and triphenylsulfonium-triflate PAG, triphenyl Imidol base compound, and PGMEA solvent of 
tetrahydropiranyl methacrylate / methyl methacrylate / metacryloxy propyl tris (trimethoxy) silane. 
Subsequently, the wafer which carried out the coat was exposed using the 0.6 NA ISI 193nm micro stepper. 
The wafer was calcinated after exposure for 1 minute at 100 degrees C, and negatives were developed for 30 
seconds in 0.262N TMAH water solution. Rotation desiccation of the wafer was carried out, and scanning 
electron microscope analysis (SEM) analyzed. It was shown that the image from SEM was able to resolve 
the minute configuration whose bilayer resist is 0.14 microns. This bilayer was able to resolve the minute 
configuration of 0.14 micrometers. Furthermore, the glass transition temperature of an under coat is higher 
than 250 degrees C, and this shows that it can be equal to subsequent high temperature processing. 
Moreover, the oxygen plasma-etching rate of an under coat was less than 15% of an etch rate of a novolak. 
The same result was obtained although the procedure was repeated using the under coat of an example 3. 
[0050] 

The above is the illustration of this invention and should not interpret it as the thing which limits it. This 
invention is limited to the range list of the next application for patent with an equal object with the claim 
included by it. 



[Translation done.] 
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